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The neuronal ceroid-lipofuscinoses are a clinically heterogeneous group of diseases in humans characterized by accumulation of autofluorescent lipopigments within neurons. l o This disease process and its variations, including accumulation of pigment within non-neuronal cells, also occurs in dog^,'.^.^.^ cats,' h o r s e~,~ sheep,j and nonhuman prim a t e~.~ Rather than being a primary lysosomal disorder, neuronal ceroid-lipofuscinosis may be the result of excessive peroxidation of polyunsaturated fatty acids in the cytoplasm with accumulation of lipopigments in secondary lysosomes.'O Another possible pathogenetic pathway is suggested by recent studies showing excessive accumulation of dolichols in the brains of human patients with certain forms of neuronal ceroid-lipof~scinosis.~ This finding has led to speculation that at least some forms of neuronal ceroid-lipofuscinosis are due to defects in the recycling of dolichols during glycoprotein synthesis.
Neuronal ceroid-lipofuscinosis developed in two closely related female Nubian goats. Goat 1 was euthanized at 2 years of age due to progressive ataxia and hindquarter paresis of 6 months duration. Goat 2 was killed at 4 years of age because of a neurological disorder appearing as abnormal behavior and gait at 10 months of age. Progressive ataxia and paresis later developed over several months preceding death. This goat was described by the owners as "stubborn and mentally retarded." Both goats had unusual coarse masculine facial features.
The frontal cortex, hippocampus, and thalamus were submitted from a field necropsy of goat 1; the entire central nervous system and Gasserian ganglia were examined from goat 2.
Microscopic lesions in both animals were similar. Neurons contained a pigment that was lightly eosinophilic and granular with hematoxylin and eosin (HE) (Fig. l) , and stained with periodic acid-Schiff (PAS) and acid fast techniques ( Fig.  2 ). Pigment granules were black with Sudan black stain ( Fig.  3 ) and dark blue following luxol fast staining. Pigment in all affected neurons was also brightly autofluorescent. The physical appearance of the pigment ranged from a very fine, almost indiscernible granularity to distinct granules up to 4 wm in diameter. The amount of pigment within neurons varied considerably. In some cells, the cytoplasm was filled with pigment, resulting in loss of Nissl substance and, occasionally, eccentric displacement of nuclei. In other neurons there were only small aggregates of pigment, usually near the poles. Some cells were swollen; others had normal outlines. Macrophages filled with intensely PAS-positive material were also common in the cerebral cortex and Purkinje cell layer, but not in the spinal cord. These cells were either adjacent to affected neurons or in small aggregates around small blood vessels.
Ultrastructurally, the pigment granules within neurons consisted of spherical, concentrically-laminated membranous bodies, some of which had a whorled fingerprint pattern (Fig. 4) .
Areas of the central nervous system with the highest proportion of affected neurons and the largest accumulation of pigment per neuron were the ventral horns of all spinal cord segments and the brain stem. Lesions were slightly less severe in the cerebellum, thalamus, hippocampus, and hypothalamus. Lesions were noticeably milder in the cerebral cortex and least severe in the basal ganglia.
Several heritable forms of neuronal ceroid-lipofuscinosis occur in humans. Time of onset of clinical signs varies from infancy to adulthood. A heritable type of the disease, comparable to the juvenile onset form in man, occurs in the English setter6 and Saluki dog. I Inherited forms of the disease have also been described in Chihuahua dogs9 and South Hampshire ~h e e p .~ Most of the remaining reports of the disease in animals have been isolated cases of apparent adult onset. Gomen disease, which occurs in horses in New Cal-edonia, is characterized by lesions compatible with ceroidlipofuscinosis accompanied by a particularly selective degeneration of Purkinje cells, and is thought to be an acquired disorder associated with a possible plant or mineral toxi-
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The caprine disease described in this report was considered to be genetically transmitted. Preliminary pedigree analysis indicates an apparent autosomal recessive mode of inheritance. Clinical signs similar to those seen in the two goats of this study are still being detected and evaluated in the herd of origin.
The ultrastructural appearance of the cytoplasmic lipopigment granules varies among the four types of neuronal li-pofuscinosis in humans, ranging from an amorphous granular matrix to lamellated structures with curvilinear or fingerprint patterns.1° The caprine cytoplasmic granules most closely resemble those of the Spielmeyer-Sjogren type, in which laminated fingerprint profiles predominate.I0 There are also clinical similarities between the caprine disease and this form of the human disorder, in that both are of adolescent onset with slowly progressive deterioration of cerebral function. In contrast, the other forms of human neuronal lipofuscinosis are usually of earlier or later onset and may progress more rapidly.
